
Abstract-- We are developing a micro-computed tomography 
for imaging lung nodules. The purpose is to enhance the 
physician performance in accessing the micro architecture of 
the nodule for classification between malignant and benign 
nodules. The basic components of the micro CT consist of a 
microfocus X-ray source, a specimen manipulator, an image 
intensifier detector coupled to charge-coupled device camera 
and an image processing unit. Three-dimensional image 
reconstruction was performed on a slice by slice technique. A 
standard fan-beam convolution and back-projection algorithm 
was used to reconstruct the center plane intersecting the X-ray 
source. The preprocessing of the 3-D image reconstruction 
included the correction of the geometrical distortions and the 
shading artifact introduced by the image intensifier. The main 
advantage of the system is to obtain a high spatial resolution 
which ranges between 5 mmmm  and 25 mmmm . In this work we report 
on preliminary studies performed with the micro CT for 
imaging resected tissues of normal and abnormal lung. 
Experimental results reveal micro architecture of lung tissues, 
such as alveolar wall, septal wall of pulmonary lobule, and 
bronchiole. From the results, the micro CT is expected to have 
interesting potentials for high confidential differential 
diagnosis. 

I. INTRODUCTION 

Lung cancer is the leading cause of cancer deaths in the 
world. Early detection and treatment of lung cancers are 
crucially important to achieve high survival rate. There is 
hope in the possibility of early detection of lung cancer with 
the helical low-dose CT [1]. Computer-aided diagnosis is a 
promising approach to detect suspicious lesions on the 
thoracic CT images and alert physicians to these regions 
[2]. The detailed examinations of the small nodule lesions 
depend on the malignant potential. The differential 
diagnosis is ordinarily concluded by histological diagnosis 
from biopsy. It is often the case that biopsy technique 
becomes difficult according to nodule size is small. The 
advance of CT technology, such as a multi-slice CT 
scanner, provide fully 3-D images of pulmonary nodules 
with a high spatial resolution which ranges between 300 
and 500 mµ . There has been a considerable amount of 
interest in the use of 3-D thoracic CT images to observe 
small pulmonary nodules for differential diagnosis [3].  A 
number of investigators have developed feature extraction 
and classification methods for characterizing pulmonary 
nodules [4]-[8]. However, these spatial resolutions have 
limitation for the quantitative diagnosis of micro tissues that 
form the small pulmonary nodule. Then, it becomes 
necessary to develop a micro-computed tomography which 
enables to analyze the micro architecture of lung tissues.  

In recent years, there has been an increasing interest for 
developing the micro CT system. Ruegsegger et al. 
developed two systems based on multiple fan beam scanner 
[9]. One of their systems is realized for bone samples and 
small laboratory animals with a spatial resolution of 20 mµ
and another system is used for the examination of patients 
with a spatial resolution of 120 mµ . Johson et al. developed 
a volumetric micro CT with a spatial resolution of 
50 mµ based on cone-beam scanner for quantification of 
pulmonary arterial wall [10]. Since the size of lung tissue 
such as alveolar wall is the order of several mµ , a 
visualization of lung tissues requires the higher spatial 
resolution. Ritman et al reported that the spatial resolution 
of 2 mµ was achieved with synchrotron X-rays [11]. The 
spatial instruments require realizing the synchrotron-based 
system. 

We present a micro CT system for analysis the micro 
architecture of lung tissues. The basic components 
consisted of a microfocus X-ray source, a specimen 
manipulator, an image intensifier detector coupled to 
charge-coupled device camera and an image processing 
unit. From results of the application to normal and 
abnormal lung tissues, we will demonstrate the availability 
of the micro CT for analysis of the lung micro architecture. 

II. METHODS 

Fig. 1 shows the block diagram of the micro CT. The CT 
mainly consists of a microfocus X-ray source, a specimen 
manipulator, an image intensifier detector coupled to CCD 
camera and an image processing unit. The minimal size of 
the microfocus X-ray source is 7 mµ . The detector size of II 
can be chosen from three different sizes of 9, 6, 4.5 inch. 
The CCD array has three different areas corresponding to 
the II size with 1300 by 1030 pixels or 1300 by 512 pixels. 
The source-to-specimen distance and source-to-detector 
distance can be varied to obtain the desired magnification. 
The micromanipulator precisely positions the specimen 
table in the X-ray beams and rotates it under computer 
control through 360 degrees for projection data acquisition. 
This system can handle objects up to 200mm in diameter 
and up to 200mm in height. The acquisition time of 1800 
views through 360 degrees is approximately one minute. 
The table position and motions and camera operations are 
under the control of the host computer with two CPUs 
(Pentium III Xeon, 500MHz) and 512MB main memory. 
The host computer receives the projection images and 
performs all data preprocessing, and image reconstruction is 
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Fig.1.  System overview 

Fig.2. Abnormal tissue (peripheral type of lung
adenocarcinoma)  (a) Resected lung tissue.  (b) Optical
microscope image. (c) Soft X-ray image. 

(a)

(b) 
Fig.3. Micro CT images of the abnormal lung tissue.
(peripheral type of lung adenocarcinoma)  (a) Resolution :
24 mµ . (b) Resolution : 6 mµ .

performed. Since the system geometry is a cone-beam 
geometry with a single circular orbit of the X-ray source, it 
is possible to apply cone beam reconstruction techniques
[13] based on the Feldkamp algorithm [12]. These 
techniques provide approximate 3-D reconstructed images 
because they do not satisfy sufficiently the requirement for 
exactly 3-D image reconstruction [14]. In this CT, a 
standard fan-beam convolution and back-projection 
algorithm is used to precisely reconstruct the center plane 
intersecting the X-ray source. The preprocessing of the 3-D 
image reconstruction includes the correction of the 
geometrical distortions and the shading artifact introduced 
by II. The spatial resolution on the CT image ranges 
between 5 mµ  and 25 mµ . The slice thickness is achieved up 

to the order of several mµ .

III. RESULTS 

In the preliminary study, we investigate how the spatial 
resolution affects on quantitative diagnosis of micro lung 
tissues. We used three kinds of lung tissues, normal lung 
tissue, peripheral type of lung adenocarcinoma, and 
pulmonary adenocarcinoma in emphysematous lung.  In 
order to compare between two different spatial resolutions 
in micro CT images, we reconstructed two volumetric 
micro CT images with different resolution of 6 mµ  and 
24 mµ  for each lung tissue specimen. The measurement 
condition used in this experiment is as follows; the size of 
the microfocus X-ray : 9 mµ , X-ray tube current : 0.1mA, 
X-ray tube voltage : 60kV, slice thicknesses : 6 mµ  and 
24 mµ , and the number of slice : 30slices. Each tissue is 
reconstructed into 1024 x 1024 x 30 cubic voxels (each 
voxel has 6 mµ  or 24 mµ  on a side). 

Fig.2 shows the resected specimen, optical microscopic 
image, and soft X-ray image of the peripheral type of lung 
adenocarcinoma. In these figures the width of the alveolar 
wall where cancer cells are spread ranges from 12 mµ  to 
59 mµ . Fig. 3 shows the peripheral type of lung 
adenocarcinoma with two different spatial resolutions of 
24 mµ  and 6 mµ . Using the resolution of 24 mµ , the alveolar 
wall of abnormal area is revealed due to wall thickening, 

while the alveolar wall of normal area can not be identified. 
With the resolution of 6 mµ , the alveolar walls of both 
normal and abnormal areas can be easy to identify.  Fig. 4 
shows the 3-D display of the stacked slices of the peripheral 
type of lung adenocarcinoma with two spatial resolution of 
24 mµ  and 6 mµ . Using the resolution of 24 mµ , the 3-D 
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Fig.4. 3-D display of the stacked Micro CT images of the
abnormal lung tissue (peripheral type of lung
adenocarcinoma)  Resolution : 24 mµ . (b) Resolution : 6 mµ .

Fig. 5. Abnormal tissue (pulmonary adenocarcinoma in
emphysematous lung)  (a) Resected lung tissue.  (b) Optical
microscope image. (c) Soft X-ray image. 

structure of  the alveolar wall of abnormal area can be easy 
to identify. While with the resolution of 6 mµ , the 3-D 
structure of the alveolar walls of both normal and abnormal 
areas are revealed. 

Fig. 5 shows the resected specimen, optical microscopic 
image, and soft X-ray image of the pulmonary 
adenocarcinoma in emphysematous lung. In these figures 
the width of the alveolar wall where cancer cells are spread  
ranges from 12 mµ  to 59 mµ . Fig. 6 shows slice images of 
the pulmonary adenocarcinoma in emphysematous lung 
with two different spatial resolution of 24 mµ  and 6 mµ .

Using the resolution of 24 mµ , the alveolar wall of 
abnormal area is revealed due to wall thickening, while the 
alveolar wall of normal area can not be identified. With the 
resolution of 6 mµ , the alveolar walls of both normal and 

abnormal areas can be easy to identify.  Fig. 7 shows 3-D 
display of the stacked slices of the pulmonary 
adenocarcinoma in emphysematous lung with two spatial 
resolutions of 24 mµ  and 6 mµ . Using the resolution of 

24 mµ , the 3-D structure of the alveolar wall of abnormal 
area can be easy to identify. While with the resolution of 
6 mµ , the 3-D structure of the alveolar walls of both normal 
and abnormal areas are revealed. 

IV. CONCLUSION 

We have presented a micro CT for imaging pulmonary 
nodules. The spatial resolution of 5 mµ  allows physicians to 

(a)

(b) 
Fig.6. Micro CT images of the abnormal lung tissue (pulmonary
adenocarcinoma in emphysematous lung) (a) Resolution :
24 mµ . (b) Resolution : 6 mµ .



(a)

(b) 
Fig.7.  3-D display of the stacked Micro CT images of the
abnormal lung tissue (pulmonary adenocarcinoma in
emphysematous lung) Resolution : 24 mµ . (b) Resolution :

6 mµ .

analyze the micro architecture of lung tissues, such as 
alveolar wall, septal wall of pulmonary lobule, and 
bronchiole. This CT allows for the first time to document 
changes of tissue components between normal and 
abnormal area. Future work we will have to show if 
structure indices are sufficient to predict the likelihood of 
malignancy of the pulmonary nodule. The high spatial 
resolution micro CT images provide the basic data set and 
then might help to improve the performance of physician 
diagnostic decisions. 
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